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Abstract 
The quest for smart cities and development has been on the increase among infrastructural 
development stakeholders, including clients, government agencies responsible for the 
management of infrastructures, construction professionals, sponsors, and financiers of these 
projects. However, studies around the world have shown that less attention is being paid by 
these stakeholders to various indices and measures of smart cities. These measures and indices, 
known as drivers, are smart environment, smart economy, smart people, smart governance, 
smart mobility, and smart living. Using these drivers and their indicators, a multiple-choice 
questionnaire was designed in line with existing and relevant literature materials in the subject 
area. These questionnaires were administered on construction professionals with relevant and 
adequate knowledge of smart construction. Smart environment was found to be a major driver 
of a smart city while smart people, smart governance and smart living are also key to the 
achievement of the goals and objectives of the concept. The developed key smart city drivers 
are a workable, adaptable and efficient city design mechanism and it will be useful for city 
planners, statutory agencies as well other stakeholders in the development of smart cities.
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Introduction
A city has been described as a highly organised community, with a substantial amount of 
development and innovation needed for the sustainability of a nation’s economy (Amer, 
2014; Bawa et al., 2016; Villa and Mitchell, 2009). Govender (2018) further described cities 
as “businesses” as they can generate income for the government through taxes. Furthermore, 
Kumar et al. (2018) described cities as a large environment which provides the people dwelling 
in it with lots of opportunities to advance in life and services needed for comfort. However, 
despite the high importance of this type of settlement to every nation, the nature of most 
cities in developing countries have been described as “a far cry” from what a city should be 
(Aghimien et al., 2019). Rapid urbanisation has left most cities with lack of needed amenities 
as severe pressure is placed on meagre available resources within these cities, because too many 
people depend on little infrastructure provisions (Ogundare and Ogunbodede, 2014). Respite 
is not in sight in terms of this rapid urbanisation, as it is projected that by the year 2050, over 
half of Africa’s population will be living in cities (United Nations, 2017). Although not the 
worse among developing countries, especially in Africa, South Africa suffers this same fate. 
Most cities in South Africa are described as transitioning cities because they have a high 
urbanisation rate (Deloitte, 2014). The resultant effect of this is high pollution and poor utility 
delivery for dwellers (Alfano, Amitrano and Bifulco, 2014).  Thus, considering the important 
nature of cities to socio-economic development cum the continuous growth in population 
and rapid urbanisation being experienced in most countries, the call for cities to be ‘smart’ has 
become crucial.
Defining a smart city and describing the requirement for attaining one has been a focal 
point for most researchers in recent times (Das 2012; Hollands, 2008). Although achieving 
consensus on the definition has not been easy (Myeong, Jung and Lee, 2018), Giffinger 
et al. (2007) and Sikora-Fernandez (2018) opined that several characteristics exist that 
gives pointers to a smart city. In the view of Silver et al. (2018), smart cities are connected 
cities. Gceza (2018) and Moshtaq (2018) described it as safe cities in terms of humans and 
cyberspace. Govender (2018) noted that a smart city is a data-driven city. Based on these 
descriptions, Aghimien et al. (2019) concluded that smart cities are interconnected through 
the use of Information and Communication Technology (ICT), provides adequate security 
for the physical and information space of its citizens, and uses the data generated within the 
city to make informed decisions that will better the lives of the people living in it. In the view 
of Macke et al. (2018) smart cities are a complex ecosystem with the ability to improve the 
way of living of their inhabitants, through a network of people, processes and data. Based on 
these definitions, it can be deduced that the attainment of smart cities is dependent on certain 
factors that are needed to propel its engine. These factors are ‘Smart City Drivers’.
In South Africa, several measures are being considered to propel city smartness. By 
adopting diverse digital technologies (DTs), ICTs and broadband connectivity, it is believed 
that a smart city that adopts intelligent services in achieving innovative environments can be 
achieved (South African Local Government Association, SALGA, 2015; Oke, Aigbavboa 
and Cane, 2018b). Das (2012) has earlier noted that through proper adoption of DTs needed 
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for the attainment of smart cities, the government will be able to effectively link different city 
components with the needed infrastructures. Through this, the standard of living as well as the 
social and economic wellbeing of the dwellers can be improved. Unfortunately, despite these 
submissions, the idea of a smart city in the country is still more of a dream than a reality. The 
study of Giffinger et al. (2007) has propounded the key drivers for the attainment of smart 
cities. In a bid to promote smart city attainment, other studies have explored these drivers 
holistically (Lee, Phaal and Lee, 2013; Lombardi et al., 2012; Neirotti et al., 2014). However, a 
literature search on the drivers of smart city in the South African context came back negative. 
This implies the need to fill a knowledge gap on the drivers of smart city attainment in South 
Africa and to provide a defined roadmap for the government to follow in their quest for a 
smart South African city. To this end, this study sets out to assess the drivers of smart city 
development as a roadmap for the transformation of cities in South Africa, using Gauteng 
province as a point of reference. 
Review of Smart Cities Drivers
Studies have shown that although smart city concept has existed since the 1990s, it is only 
gaining popularity among academics and professionals in recent times because of the need to 
improve the quality of life of city dwellers (Lombardi et al., 2012; Neirotti et al., 2014; Peprah, 
Amponsah and Oduro, 2019). This recent popularity is not unconnected with the need for 
sustainable development in countries all over the world (Datta, 2015), and the increasing 
advancement in ICT and DTsthat have evolved in recent times (Aghimien et al., 2019). 
Dawe and Paradice (2016) earlier noted that a smart city uses ICT development to attain 
and improve sustainability, economic development of a country, and the quality of life of the 
citizens. Kumar et al. (2018) noted that smart cities adopt the use of ICT and Internet of 
Things (IoT) in city development, specifically in the aspect of “government functionality, city 
operations, services deliveries, and intelligent analytics to soptimise services, production, and 
usability”. 
Giffinger et al. (2007) observed that the concept of a smart city is built upon six essential 
components. Although the study opined that these six components should serve as the bases 
for defining and achieving city smartness, some studies have adopted these six components 
in their holistic forms (Ghosal and Halder, 2018; Lee, Phaal and Lee, 2013; Lombardi et al., 
2012; Neirotti et al., 2014) while others have gone ahead to expand these components (Frost 
and Sullivan, 2012; Myeong, Jung and Lee, 2018; Oke, Aigbavboa and Cane, 2018b). These 
six components are smart environment, smart economy, smart people, smart governance, smart 
mobility, and smart living.
SMART ENVIRONMENT
Das (2012) has earlier noted that to attain a smart environment, there is the need to put 
in place resource management plans. This is necessary to protect and preserve the natural 
environment and at the same time, conserve non-renewable resources within the area. 
Giffinger et al. (2007) hinted on the need for proper sustainable resource management and 
protection of the environment. Lombardi et al. (2012) also linked the smart environment 
to efficiency and sustainability of resources. Ghosal and Halder (2018) described it as 
the proper management of energy, water and waste. This is one crucial aspect also being 
championed in South Africa with the National Development plan of 2030 which is 
geared towards ensuring a sustainable environment with an adequate supply of needed 
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infrastructures and wise consumption of energy (National Planning Commission (NPC), 
2030). To achieve a smart environment, Bawa et al., (2016) noted the need to properly 
control and manage the city’s utility systems. Conservative use of electricity, water and 
other non-renewable resources, as well as the inclusive use of ICT networks, IoT, and smart 
meters, can also help promote a smart environment (SALGA, 2015; Washburn and Sindhu 
2010). The implementation of relevant policies and strategies to reduce pollution of urban 
centres is also essential. Only through this, can the diseases being suffered by urban citizens 
because of environmental pollution, be reduced (Das, 2012; European Chronic Disease 
Alliance, 2015).  However, the attainment of a smart environment does not only depend on 
the adoption of ICT, IoT and DTs or even putting policies in place. Citizens also need to 
be pro-active and improve their habits to conform to the created policies (Das, 2012). There 
is also the need to transform existing public spaces into green public spaces to encourage 
awareness of their natural environment (European Union, 2014). This is accompanied by the 
need to promote waste reduction and the use of renewable and recyclable materials (Bawa 
et al., 2016).
SMART ECONOMY
According to Angelidou (2015), a competitive city depends largely on the knowledge capital of 
its urban population. This was further described as a “knowledge economy” which encourages 
knowledge-intensive activities rather than labour-intensive activities which are the popular 
approach in most cities. To this end, the development of entrepreneurs is encouraged within 
the city economy (Giffinger et al., 2007). Providing a policy that encourages entrepreneurship 
at a domestic level, provincial and local level will help boost the development of both the 
formal and informal sectors as creative people can help the government grow the economy 
of the country (Peberdy and Götz, 2016). Bawa et al. (2016) observed that a smart economy 
includes having new income generation models, being the largest economic centre, competitive 
in pricing and having both global and local investments. This is believed to be achieved 
through adequate skill development to boost knowledge capital, encouraging innovation and 
entrepreneurship as well as having trade centres. Alfano, Amitrano and Bifulco (2014) have 
earlier noted that adopting systems that will promote increased external funding and the 
expansion of local businesses is essential for a smart economy. Ghosal and Halder, (2018) 
further noted that a smart economy is driven by an innovative spirit, employment and 
e-business within the city.
SMART PEOPLE
Giffinger et al. (2007) described smart people as the social and human capital aspect of 
attaining smart city. This includes participation in public life, an increase in education and 
creativity and flexibility of human activities, which can be achieved through proper use of 
smartphones and applications, good internet connectivity and access to information. The 
World Bank (2007) has noted the power of knowledge to be a crucial component of local 
growth due to its ability to create a competitive advantage for individuals, organisations, or city. 
This, therefore, creates an avenue to prompt both global and local financiers to invest in the 
urban district. In South Africa, the NPC (2012) noted that for improved unification of urban 
districts and citizens; change, update and allowance for increased basic service supplies and 
development of areas set aside for civic use is necessary. This is to attain a more unified and 
equitable civilisation and reflect a socially cohesive society.
Oke, Aghimien, Aigbavboa, and Akinradewo
Construction Economics and Building,  Vol. 20, No. 2, June 2020112
SMART GOVERNANCE 
Smart governance involves having a transparent government that has sound political strategies 
and considers its citizen’s viewpoints in decision making (Alfano, Amitrano and Bifulco, 
2014; Giffinger et al., 2007). Gcaza (2018) opined that smart governance deals with citizens’ 
engagement, government transparency, digitalisation of government’s records and open 
data. Giffinger et al. (2007) have noted that this can be achieved using open data portals and 
e-service delivery of government activities. However, Ruhlandt (2018) have observed that the 
major problem facing the transformation of most cities from being ordinary cities to being 
smart cities is the lack of appropriate governance arrangements. Therefore, for a smart city to 
be attained smart governance must be given thorough consideration. Focus on innovative ways 
of e-governance can go a long way in achieving this feat (Hollands, 2008). Bawa et al. (2016) 
see this aspect as ICT enabled governance, and if the government is determined to achieve 
smart cities within its urban centres, it must be ready to first integrate ICT platforms into 
various aspects of key governments functionalities. This integration of ICT into government 
functions will ease real-time communication between the government and its citizens, thereby 
creating a platform with the cognitive capability to improve political awareness within the area 
(Colldahl, Frey and Kelemen, 2013). Ghosal and Halder, (2018) further emphasised that the 
aspect of smart governance includes e-democracy, public e-service delivery, transparency and 
accountability of government as well as efficient administration within the city.
SMART MOBILITY
Giffinger et al. (2007) described smart mobility as the infusion of ICT to transport that 
brings about local and international accessibility, ICT infrastructure availability, as well as 
sustainable, safe and innovative system of transportation within urban centres. According to 
Deloitte (2014) encouraging public transport system and reducing the number of private cars 
using city roads will most ultimately reduce the emission of greenhouse gases and at the same 
time alleviate the enormous traffic congestion evident in most cities. Studies have shown that 
reducing air and noise pollution, reducing traffic congestion, improving the safety of citizens, 
improving the speed of transportation while at the same time reducing its associated cost 
are some of the key objectives of smart mobility (Bencardino and Greco, 2014; Giffinger 
et al., 2007; Peprah, Amponsah and Oduro, 2019). Bawa et al. (2016) went further to state 
that smart mobility involves having an intelligent transport system through effective ICT 
infrastructure. It also involves being able to capture real-time data and analyse them using 
smart hardware such as sensors and cameras, and smart software and tools such as mobile 
applications.
SMART LIVING 
The concept of a smart city revolves around creating a better living condition for the city’s 
citizens (Aghimien et al., 2019; Macke et al., 2018). Smart living, therefore, places focus on 
the wellbeing and quality of life of individuals within urban areas. This is driven by innovative 
education and implementing skills development programmes that empower small, micro and 
medium enterprises. It also involves improving health care services through diverse means 
such as e-Health project (SALGA, 2015; Oke, Aigbavboa and Ngema, 2017) and improving 
the safety of individuals through the use of surveillance cameras throughout the city (Colldahl, 
Frey and Kelemen, 2013).  Giffinger et al. (2007) described smart living as an embodiment of 
proper educational and cultural facilities, proper health conditions, safety, improved housing 
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quality, tourist attraction and social cohesion within a city. Ghosal and Halder (2018) noted 
that smart living involves protecting cultural values and providing happiness for individuals 
in the city. Hence, Aghimien et al. (2019) described a smart city as a safe and happy city. A 
similar notion was held by Alfano, Amitrano and Bifulco (2014) that preserving cultures and 
the development of modernised social facilities is a key attribute of smart living.
Research methodology
This study assessed the drivers of smart city development in South Africa. This was achieved 
through a quantitative survey conducted using a questionnaire. The questionnaire was adopted 
due to its simplicity and ability to cover a wider range of audience within a short period (Tan, 
2011). Also, it is among the most widely used social research techniques (Blaxter, Hughes 
and Tight, 2001). The survey was conducted among professionals with relevant and adequate 
knowledge of smart construction. These professionals include Town Planners, Contracts 
Managers, Project Managers, Architects, Quantity Surveyors, Civil Engineers, Electrical 
Engineers and Data technicians (IT) that are currently practising in the construction industry 
within the Gauteng province of South Africa. Due to the difficulty in determining the exact 
number of professionals working in areas related to smartization of cities within the study area, 
having a defined sample size was practically impossible. Thus, the study adopted a snowball 
approach wherein 32 professionals were identified and sampled accordingly. Heckathorn 
(2011) noted that snowball sampling assumes that a link exists between one sample and others 
in the same targeted population. This creates a platform for referrals to be made within a circle 
of acquaintance. A similar approach was adopted in the study of Rahman (2014). Despite 
adopting the snowball process, strict selection guidelines were adopted, and respondents were 
chosen for the study based on a considerable number of years of working experience within 
the construction industry (at least five years working experience), and current involvement in a 
construction project within the study area.
The study recognises the possibility of selection bias among the respondents since on 
professionals working within areas of transforming existing cities in South Africa into 
technology-savvy hub were selected for the study. This is a common type of bias within 
most survey studies (Šimundić, 2013; Smith and Noble, 2014), and Holmes (2004) has 
warned of the occurrence of such bias when a sample adopted is small as in the case of this 
current study. This type of bias is mostly curtailed using random sampling approach (Daly, 
Bourke and McGilvray, 1991; Šimundić, 2013; Smith and Noble, 2014), however, this is not 
practically possible for this study as the total population of professionals involved in smart city 
construction was difficult to determine from the onset of the study. While this is one of the 
major limitations to the findings of the study, the validity of the result was ensured by using 
unambiguous questions and well-defined terms to ensure a clear understanding of the research 
questions by the respondents as recommended by Yousuf (2007). The reliability was also 
tested using appropriate statistical tools, as observed by Sarantakos (2005). The questionnaire 
used was close-ended in nature and were self-administered. Two sections were used in 
the questionnaire to harness information from the respondents. The first section gathered 
information on the background of the respondents, while the second harnessed information 
on the drivers of smart city development in South Africa. Variables used in the second section 
were gathered from the review of existing literature on the drivers for smart city development. 
Respondents were presented with these variables and were asked to rate them based on their 
level of significance to the attainment of smart cities in the country. A 5-point Likert scale was 
adopted with 5 being very high, 4 high, 3 average, 2 low and 1 very low. 
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In analysing the data gathered, 3 distinct steps were followed. Firstly, the reliability of the 
research instrument was determined using Cronbach alpha test. This test is used to measure 
the reliability of a questionnaire between each field and the mean of the entire fields (Santos, 
1999). Cronbach alpha gives an alpha value is between 0 and 1, and the higher the value, 
the more reliable the questionnaire (Moser and Kalton, 1999). A Cronbach’s alpha value 
of 0.940 was derived for all the assessed drivers of smart city development and this shows 
that the instrument is highly reliable. Aside from the reliability test, the normality of the 
data gathered was also assessed using the Shapiro-Wilk test. The test revealed that the data 
gathered were not normally distributed as a p-value of 0.000 was derived for all assessed 
drivers. This is less than the 0.05 threshold for normally distributed data, hence only a non-
parametric test can be conducted. The second step was to rank the various drivers based on 
their level of severity as indicated by the respondents using their mean item score (MIS). 
The premise of decision for the ranking is that the factor with the highest MIS is ranked 
1st and others in such subsequent descending order. Chan, Darko and Ameyaw (2017) have 
earlier noted that the MIS is one of the most common descriptive analyses in construction 
research and it has proven to be an effective method in identifying key factors among several 
individual factors. Since respondents were sampled from a different profession, there is the 
tendency for some disparity in the way they rank these assessed drivers. This assumption 
necessitated the third step of data analysis which is to identify the specific drivers with a 
significant disagreement between respondents. This was done using Kruskal-Wallis H Test 
which is a non-parametric test used in ascertaining the significant difference in the view 
of three or more group of respondents. Kruskal-Wallis H Test gives a chi-square value 
and a significant p-value, and when the derived p-value is lower than the predetermined 
significance value of 0.05, it means that there is a significant difference in the mean value 
of the groups (Pallant, 2005). In this case, this means that there is a significant difference in 
the view of respondents from different professions. However, if the derived p-value is higher 
than the predetermined significance value of 0.05, it means that no significant difference 
exists in the view of the respondents.
Findings and discussion
BACKGROUND INFORMATION 
The result on the background information of the respondents revealed that more responses 
were received from Quantity Surveyors and Project Managers (25% each). This is followed by 
Data and Information technicians (16%), Architects (13%), Civil Engineers (9%), Contracts 
Manager (6%), Electrical engineers in telecommunication (3%) and Town planners (3%). Also, 
most of the respondents (40%) have a Bachelor degree. This is followed by a National Diploma 
with 38%, Post-matric Certificate with 16% and Masters degree with 6%. In terms of years 
of experience, 56% have five years of working experience, 29% have between 6 to 12 years, 6% 
have between 13 to 18 years, 3% have between 19 to 24 years while 6% have above 24 years 
working experience. The average years of working experience of the respondents are calculated 
as 8.7 years. This result shows that the different professions within the construction industry 
are represented in the study. Similarly, the respondents for the study are equipped in terms of 
academic background and years of experience within the built environment to constructively 
interpret the questions asked and give a significant response to the questions of the study. The 
response received from them can be relied upon as they were given based on their experience.
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DRIVERS OF SMART CITY DEVELOPMENT
Smart Environment Drivers
The result in Table 1 shows the ranking of the different smart environment drivers that can lead 
to smart city development. The premise for ranking is that the variable with the highest mean 
score is ranked first while subsequent ones are ranked after it. However, where two or more 
variables have the same mean score, the one with the lowest standard deviation (SD) as ranked 
first, as suggested by Field (2005). The Table also shows the chi-square (X2) and significant 
p-value derived from the Kruskal-Wallis H-test. From the result, it is evident that there is no 
significant difference in the view of the different respondents with regards to the significance of 
the drivers identified as a significant p-value of above 0.05 is derived for all assessed variables. 
This shows that the ranking can be relied upon as respondents had a similar view of the 
significant smart environment drivers needed for smart city development in South Africa. A 
cursory look at the mean values of all the assessed variables shows that they are all from 4.0 and 
above. This shows that this driver is crucial to the attainment of a smart city. More significant 
is decreasing pollution levels and monitoring water and electricity consumption using smart 
meters. These variables all have a mean value of 4.31 each. On the overall, smart environment 
drivers have a mean value of 4.18, which shows a high level of significance. This high level of 
significance can be associated with the fact that the whole concept of attaining city smartness is 
centred around protecting and sustaining the environment. 
The importance of control and management of the city’s utility systems has been noted in 
past studies (Bawa et al., 2016). Washburn and Sindhu (2010) have earlier noted that the use 
of smart meters allows efficient utilisation of utilities within a city. Similarly, it allows proper 
monitoring and control of these utilities. Findings of this study support this submission as 
the use of smart meters to control water and electricity consumption are significant smart 
environment drivers for smart city development in South Africa. The clamour for a safe 
environment, free of environmental pollution is not a new issue. The European Union (2014) 
and the European Chronic Disease Alliance (2015) have noted the high level of air pollution 
in most urban cities. If a safe and healthy city is to be achieved, then the reduction of pollution 
levels through the implementation of policies and strategies is necessary.
Table 1 Smart Environment Drivers
Smart Environment MIS SD Rank
Kruskal-
Wallis
X2 Sig.
Decrease pollution levels 4.31 0.821 1 6.852 0.444
Smart Meters to monitor water consumption 4.31 0.861 1 6.571 0.475
Smart Meters to monitor electricity 
consumption
4.31 0.897 1 7.214 0.407
Increase of green public spaces 4.25 0.718 4 6.345 0.500
Improve ecological awareness 4.03 0.896 5 6.850 0.445
Improve waste management systems 4.03 0.592 5 7.962 0.336
Electricity conservation using dim sensors 4.00 1.136 7 5.486 0.601
Group Mean 4.18
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Smart Economy Drivers
The result in Table 2 shows the result for the smart economy drivers assessed. Under this 
group, all the 7 variables assessed has a mean value of above average of 3.0. On the overall, 
the mean value for this group is 3.94 which is considerably high. Most significant among 
these drivers are support growth of formal sector (MIS = 4.03, p-value = 0.222), expansion 
of the knowledge capital of the population (MIS = 4.00, p-value = 0.226), encouraging 
entrepreneurship and innovation (MIS = 4.00, p-value = 0.355), and international integration 
(MIS = 4.00, p-value = 0.130). Kruskal-Wallis H test revealed that while no significant 
difference exists in the view of the respondents with regards to 6 out of the seven assessed 
variables, there is some disparity in their rating of ‘growth of the informal sector’ as a smart 
economy driver. A p-value of 0.037, which is less than the 0.05 threshold, was derived for this 
variable. 
For a smart city to be achieved, growth must be encouraged particularly by encouraging 
entrepreneurial skills and innovation as observed by (Giffinger et al., 2007). Peberdy and Götz 
(2016) have earlier noted that through this encouragement, the formal and informal sector 
of a city can grow. Findings of this study further affirm these submissions as professionals 
believe that providing support for the growth of the formal sector, and encouraging innovation 
and entrepreneurship are two key smart economy drivers needed for a smart city to be 
attained in South Africa. The findings of the study also corroborate the submission of Alfano, 
Amitrano and Bifulco (2014) that promoting increased external funding through international 
integration is germane to smart economy attainment. Similarly, the findings are in tandem 
with the submission of Angelidou (2015), that knowledge capital of urban population plays a 
crucial role in the attainment of smart cities. 
Table 2 Smart Economy Driver
Smart Economy MIS SD Rank
Kruskal-Wallis
X2 Sig.
Growth of formal sector 4.03 0.695 1 9.450 0.222
Population knowledge capital expansion 4.00 0.762 2 9.388 0.226
Encouraging entrepreneurship and 
innovation
4.00 0.842 2 7.752 0.355
International integration 4.00 0.916 2 11.204 0.130
Improved productivity of the workforce 3.91 0.689 5 5.952 0.545
Improved city competitiveness 3.88 0.751 6 6.142 0.523
Growth of informal sector 3.75 0.916 7 14.889 0.037**
Group Mean 3.94
** Significant at p < 0.05
Smart People Drivers
In terms of smart people, the result in Table 3 shows that all the smart people variables 
assessed have a mean value of 4.00 and above. This shows that this dimension plays a 
significant role in the attainment of smart cities. On the overall, this dimension has 
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a mean value of 4.12, which is far above the average of 3.0. Chief of these drivers are 
improved education and facilitating lifelong learning with a mean value of 4.34 and 4.16, 
respectively. 
Table 3 Smart People Driver
Smart People MIS SD Rank
Kruskal-Wallis
X2 Sig.
Improved education 4.34 0.602 1 4.263 0.749
Facilitate lifelong learning 4.16 0.767 2 6.588 0.473
Smart Technologies in libraries 4.06 0.759 3 4.095 0.769
Promote an equitable society 4.03 0.967 4 6.311 0.504
Encourage community collaboration 4.00 0.880 5 9.244 0.236
Group Mean 4.12
Kruskal-Wallis H Test revealed no significant difference in the view of the different 
respondents regarding the significance of the drivers identified as a significant p-value of 
above 0.05 was derived for all assessed variables. In past studies, the role of education has been 
emphasised. Malabi (2018) noted that the problem of smart city attainment is not that of 
the availability of technology, but that of cohesion, education and utilisation. Aghimien et al. 
(2019) also affirmed that it is only through proper education that the understanding of digital-
related practices and improvement on their sutilisation can be achieved. Findings of this study 
further confirm these submissions as improved education is believed to be a key driver of smart 
people in the quest for smart cities in South Africa.
Smart Governance Drivers
In terms of smart governance, four variables were assessed. All assessed variables had a mean 
value of above 3.0 with the most significant being improved public and social services (MIS = 
4.38, p-value = 0.179) and transparent governance (MIS = 4.06, p-value = 0.225). The overall 
mean value of the group is 4.04, which shows a high level of significance. The result from 
the Kruskal-Wallis H Test also showed that the respondents had a convergent view as to 
the significance of these variables as a significant p-value of above 0.05 was derived for all 
assessed variables. Rana et al. (2018) have earlier observed that governance is a major issue in 
attaining city smartness. Chourabi et al. (2012) have also stated the need for better governance 
to manage several cities initiatives effectively. This is a pointer to the fact that the role of good 
governance in the delivery of smart cities cannot be overlooked. Providing improve public and 
social services such as poverty alleviation programs, and infrastructure development is essential, 
as noted in the findings of this current study. This finding further corroborates the submission 
of Aghimien et al. (2019) and Ghosal and Halder (2018) who noted the need for government 
to provide basic social amenities to cities in a bid to first squash the inherent challenges being 
faced within the city and thereon creating strategies for the attainment of a more digitised city. 
Also, having a transparent government will go a long way in increasing citizens’ confidence in 
the government and encouraging citizen participation in the attainment of smart cities. This 
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finding is in tandem with the submissions of Alfano, Amitrano and Bifulco (2014), Gcaza 
(2018) and Ghosal and Halder (2018) who observed that smart governance is strategically 
driven by transparency and accountability in government. 
Table 4 Smart Governance Driver
Smart Governance MIS SD Rank
Kruskal-Wallis
X2 Sig.
Improved public and social services 4.38 0.833 1 10.171 0.179
Transparent Governance 4.06 0.914 2 9.406 0.225
Resourceful e-governance platforms 3.94 0.914 3 11.369 0.123
Improve political awareness 3.78 0.941 4 5.915 0.550
Group Mean 4.04
Smart Mobility Drivers
The smart mobility driver is championed by green modes of transport (MIS = 4.06, p-value = 
0.077), expanded international accessibility opportunities (MIS = 4.03, p-value = 0.312), and 
affordable ICT infrastructure (MIS = 4.00, p-value = 0.391) as seen in Table 5. An overall 
mean value of 3.92, which is far above the average of 3.0 was derived for all the assessed 
variables. Kruskal-Wallis H Test also revealed that there is no significant difference in the view 
of the respondents regarding the significance of the smart mobility drivers as a significant 
p-value of above 0.05 was derived for all assessed variables. The findings of this study are 
in line with the submission of Giffinger et al. (2007) who noted that through expanded 
international accessibility and the availability of ICT infrastructure smart mobility can be 
achieved within a city. Similarly, the findings of the study further confirm Deloitte (2014) 
submission that smart mobility strives to reduce the emission of greenhouse gases produced 
through the excess use of cars within the city.  This can be achieved through a green mode 
of transportation which strives to encourage the use of public transport systems and reduced 
private vehicles on the roads. Through this, air and noise pollution, traffic congestion, and 
safety of citizens are improved as observed by Bencardino and Greco (2014) Giffinger et al., 
(2007) and Peprah, Amponsah and Oduro, (2019).
Table 5 Smart Mobility Driver
Smart Mobility MIS SD Rank
Kruskal-
Wallis
X2 Sig.
Green modes of transport 4.06 0.759 1 12.816 0.077
Expand international accessibility 
opportunities
4.03 0.782 2 8.237 0.312
Affordable ICT Infrastructures 4.00 0.803 3 7.375 0.391
Smart utilities such as Smart Parking App 3.59 0.875 4 8.688 0.276
Group Mean 3.92
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Smart Living Drivers
The result in Table 6 shows that all assessed smart living variables had a mean value of 
above average of 3.0. More significant among them are improved health care delivery, 
innovative educational institutions, enhanced security, and advance the quality of 
housing with a mean value of 4.47, 4.31, 4.16 and 4.09, respectively. The overall mean 
value for this group is 4.01, which shows that this group is highly significant to the 
attainment of smart cities. No disparity exists in the view of the respondents about the 
significance of the variables on this group as a Kruskal-Wallis H Test gave a p-value 
of above 0.05 was derived for all assessed variables. This finding is in line with the 
submission of Giffinger et al. (2007) and SALGA (2015) which noted that smart living 
within a city is driven by innovative education and improving health care services. It is 
also in tandem with the submission of Colldahl, Frey and Kelemen (2013) who noted 
that smart living is driven by improved safety of individuals using surveillance cameras 
throughout the city.
Table 6 Smart Living Driver
Smart Living MIS SD Rank
Kruskal-
Wallis
X2 Sig.
Improve health care delivery and services 4.47 0.621 1 4.412 0.731
Innovative educational institutions 4.31 0.738 2 11.12 0.133
Enhanced security 4.16 0.677 3 7.182 0.410
Advance quality of housing 4.09 0.818 4 13.798 0.055
Increase city’s capacity to attract tourists 3.94 0.759 5 8.852 0.263
Spur the formation of socially cohesive 
communities
3.88 0.793 6 10.717 0.151
Modernise existing cultural and leisure 
facilities
3.75 0.984 7 6.365 0.498
Increase cultural and leisure facilities 3.50 1.136 8 8.653 0.279
Group Mean 4.01      
DISCUSSION AND IMPLICATIONS OF OVERALL SMART CITY DRIVERS
Based on the findings relating to the group mean of each smart city dimension, it can be 
deduced that while all six assessed dimensions are significant as they have a group mean of 
well above average of 3.0, the major dimensions wherein significant attention is required are 
smart environment, smart people, smart governance, and smart living with a group mean value 
of 4.18, 4.12, 4.04 and 4.01 respectively (see figure 1). 
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Figure 1 Overall group mean of the smart city drivers
Figure 2 shows a diagrammatic representation of the significant drivers of smart city 
development in South Africa based on the perspective of selected professional’s involved 
in city smartization. The variables selected under each driver has at least a 4.0 mean 
value considering that most variables fall around this mean value and above. This result 
shows that based on a professional’s opinion, having a smart environment is the first 
major step towards having smart cities in South Africa. This is understandable as the 
rapid urbanisation being experienced in most countries has placed severe strain on the 
environment and its limited resources, hence the quest for a sustainable and digitised 
city (Aghimien et al., 2019; Datta, 2015; Dawe and Paradice, 2016). This can be achieved 
through proper utility management and control as well as decreasing pollution levels as 
observed in previous studies (Bawa et al., 2016; European Chronic Disease Alliance, 2015; 
Washburn and Sindhu, 2010). 
In the same vein, the role of the people cannot be overemphasised in the quest for 
a smart city. South Africans must strive to improve themselves through education and 
continuous learning. They must be willing to participate actively in public life, increase 
their education, creativity and flexibility level as observed by Giffinger et al. (2007). The 
government must also be willing to champion this course through the provision of the 
necessities needed for survival and the attainment of improved education. Provision of 
improved public and social services that include good internet connectivity and access 
to information can go a long way in improving people’s smartness in the city. Similarly, 
the government must be transparent in its dealings, digitalise its records and run an open 
data system as well as engaging its citizens (Alfano, Amitrano and Bifulco, 2014; Gcaza, 
2018; Ghosal and Halder, 2018). While these are in place, the smart living must also be 
given considerable attention as it has been observed that the whole idea of attaining city 
smartness revolves around creating a better living condition for the city’s citizens (Aghimien 
et al., 2019; Macke et al., 2018). Care must be given to health care delivery (SALGA, 
2015), creating innovative educational institutions that can help to shape the thinking 
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and creativity of the citizens (Giffinger et al. 2007), enhanced security (Colldahl, Frey and 
Kelemen, 2013), and advance the quality of housing.
Figure 2 Developed key drivers for smart city development in South Africa
Conclusion 
This study assessed the drivers of smart city development in South Africa through the survey 
of professionals currently practising in the construction industry in Gauteng province. Based 
on the findings, the study concludes that all six assessed smart city dimensions needed for 
the attainment of smart cities in the country were considered significant. The implication of 
this is that to attain smart cities, decreasing the pollution levels within cities, and the city’s 
utility management and control using smart meters must be a priority of the government. 
Equally important is the provision of improved education and facilitating lifelong learning 
among South Africans, provision of public and social services and government transparency, 
improved health care delivery, innovative educational institutions, enhanced security, and 
improving housing quality. Aside from the key drivers, smart economy and mobility drivers 
such as support growth of the formal sector, encouraging entrepreneurship and innovation, 
international integration, expansion of the knowledge capital of the population, green 
modes of transport, expanded international accessibility opportunities, and affordable ICT 
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infrastructure should also be given due consideration to achieve holistic smart cities with 
South Africa.
The findings of this study contribute to the body of knowledge as it brings to light 
important drivers of smart city development in South Africa; an aspect that has not to gain 
considerable attention in the discussion of smart cities in the country. The smart city model 
and its associated drivers is a workable, adaptable and efficient city design mechanism that will 
be useful for city planners, statutory agencies as well other stakeholders in the achievement 
of cities that can enhance the quality of life of the citizen, thereby assisting in the sustainable 
management of resources. However, care must be taken in generalising the findings of the 
study due to some limitations. First is the possible selection bias in the sample for the study. 
Further studies can be conducted with a larger population of construction professionals with a 
diverse view of construction as against using only those involved in smart city development as 
seen in this current study. Also, this current study was restricted by geographical scope as it was 
conducted in Gauteng province of the country. Further studies can, therefore, be conducted 
within other provinces of the country to get a larger sample size. 
References
Aghimien, D. O., Aigbavboa, C. O, Thwala, W.D., and Ohiomah, I. 2019. Challenges Hindering the 
Attainment of Smart Cities. Interdependence between Structural Engineering and Construction Management 
(ISEC-10), Chicago, May 20-25, 2019, SUS 29, pp.1-6
Alfano, A., Amitrano, C. C. and Bifulco, F., 2014. Smart cities drivers and ICT : in search of 
relationships. EIIC Interdisciplinary Conference, pp. 17–22
Amer, S. B., 2014. City definitions, A Paper Presentation at DTU Management Engineering, Technical 
University of Denmark, May 25.
Angelidou, M., 2015. Smart cities: A conjuncture of four forces’, Cities, 47, pp. 95–106. https://doi.
org/10.1016/j.cities.2015.05.004
Bawa, M., Caganova, D., Szilva, I., and Spirkova, D., 2016. Importance of Internet of Things and Big 
Data in Building Smart City and What Would Be Its Challenges. A. Leon-Garcia et al. (Eds.): Smart City 
2015, pp. 605–616. https://doi.org/10.1007/978-3-319-33681-7_52
Bencardino, M., and Greco, I., 2014. Smart communities. Social innovation at the service of the smart cities. 
TeMA. J. L. Use Mobil. Environ. 
Blaxter, L., Hughes, C. and Tight, M., 2001. How to Research. 2nd ed. London: Open University Press.
Chan, A.P.C., Darko, A. and Ameyaw, E.E., 2017. Strategies for Promoting Green Building 
Technologies Adoption in the Construction Industry—An International Study. Sustainability, 9(6), pp.1-
18. https://doi.org/10.3390/su9060969
Chourabi, H., Nam, T., Walker, S., Gil-Garcia, J.R., Mellouli, S., Nahon, K., Pardo, T.A. and Scholl, H.J., 
2012. Understanding smart cities: An integrative framework. 45th Hawaii international conference on 
system science. Maui, Hawaii, 4-7 January 2012. pp. 2289–97.
Colldahl, C., Frey, S. and Kelemen, J.E., 2013. Smart Cities : Strategic Sustainable Development for an 
Urban World. MA. School of Engineering Blekinge Institute of Technology Karlskrona, Sweden.
Das, D.K., 2012. How did the Asian economy cope with the global financial crisis and recession? A 
revaluation and review. Asia Pacific Business Review, 18(1), pp.7–25. https://doi.org/10.1080/13602381.2
011.601584
Appraisal of the drivers of smart city development in South Africa
Construction Economics and Building,  Vol. 20, No. 2, June 2020123
Daly, L., Bourke, G. and McGilvray, J., 1991. Interpretation and Uses of Medical Statistics. 4th ed. Oxford: 
Blackwell. 
Datta, A., 2015. New urban utopias of postcolonial India: ‘entrepreneurial surbanisation’ in Dholera smart 
city, Gujarat. Dialogues in Human Geography, 5(1), pp.3–22. https://doi.org/10.1177/2043820614565748.
Dawe, S.N. and Paradice, D., 2016. A systems approach to smart City infrastructure: A small City 
perspective. In: Thirty-Seventh International Conference on Information Systems, Dublin, Ireland, 11-14 
December 2016. NY: Curran Associates Inc.
Deloitte, 2014. Africa is ready to leapfrog the competition Through Smart Cities Technology. UK: Deloitte 
Touche Tohmatsu Limited (DTTL).
European Chronic Disease Alliance, 2015. Particulates Matter: why the EU must do more to tackle air 
pollution. [online] Available at: https://alliancechronicdiseases.org/wp-content/uploads/10.-Final_
position_paper_on_air_quality.pdf. 
European Union, 2014. Maximise resources to benefit the economy and environment. [press release] 25 April 
2012. Available at: http://www.europarl.europa.eu/news/en/press-room/20120423IPR43723/maximise-
resources-to-benefit-economy-and-environment.
Field, A., 2005. Discovering Statistics, Using SPSS for Windows. London: Sage Publications.
Frost and Sullivan, 2012. Strategic opportunity analysis of the global smart city market. Smart city mark. 
Is likely to be worth a cumul. $1.565 trillion by 2020. [online] Available at: https://dsimg.ubm-us.net/
envelope/153353/295862/1391029790_strategic_opportunity.pdf. 
Gceza, N., 2018. Cyber Security in Smart Cities: A People Perspective. In: Smart Cities Africa Summit. 
Emperors Palace Hotel, Johannesburg, South Africa, 3-4 July 2018.
Ghosal, A. and Halder, S., 2018. Building Intelligent Systems for Smart Cities: Issues, Challenges and 
Approaches. In: Z. Mahmood, ed. Smart Cities, Development and Governance Frameworks.  Derby, UK: 
Springer. pp.107-125. https://doi.org/10.1007/978-3-319-76669-0_5
Giffinger, R., Fertner, C., Kramar, H. and Meijers, E., 2007. Smart Cities: Ranking of European Medium-
sized Cities. Centre of Regional Science (SRF). Vienna University of Technology, Vienna, Austria, 2007. 
[online] Available at: http://www.smart-cities.eu/download/smart_cities_final_report.pdf.
Govender, V., 2018. Laying Down the Groundwork for Smart Cities. In: Smart Cities Africa Summit, 
Emperors Palace Hotel, Johannesburg, South Africa, 3-4 July 2018.
Heckathorn, D.D., 2011. Comments: Snowballing versus respondent-driven sampling. Sociological 
Methodology, 41(1), pp.355-66. https://doi.org/10.1111/j.1467-9531.2011.01244.x
Hollands, R.G., 2008. Will the real smart city please stand up?’, City, 12(3), pp.303–20.
Holmes, T.H., 2004. Ten categories of statistical errors: a guide for research in endocrinology and 
metabolism. American Journal of Physiology Endocrinology and Metabolism, 286(4), pp.495-501. https://doi.
org/10.1152/ajpendo.00484.2003
Kumar, H., Singh, M.K., Gupta, M.P. and Madaan, J., 2018. Moving Towards Smart Cities: Solutions 
That Lead to the Smart City Transformation Framework. Technological Forecasting and Social Change, 
2018. https://doi.org/10.1016/j.techfore.2018.04.024.
Lee, J.H., Phaal, R. and Lee, S.H., 2013. An integrated service-device technology roadmap for smart city 
development. Technological Forecasting and Social Change, 80(2), pp.286–306. https://doi.org/10.1016/j.
techfore.2012.09.020
Oke, Aghimien, Aigbavboa, and Akinradewo
Construction Economics and Building,  Vol. 20, No. 2, June 2020124
Lombardi, S., Giordano, H., Farouh, H. and Yousef, W., 2012. Modelling the smart city performance, 
innovation. The European Journal of Social Science Research, 25(2), pp.137–49. https://doi.org/10.1080/135
11610.2012.660325
Macke, J., Casagrande, R.M., Sarate, J.A.R. and Silva K.A., 2018. Smart city and quality of life: 
Citizens’ perception in a Brazilian Case Study. Journal of Cleaner Production 182, pp.717-26. https://doi.
org/10.1016/j.jclepro.2018.02.078
Malabi, K., 2018. Bridging the Digital Divide. In: Smart Cities Africa Summit. Emperors Palace Hotel, 
Johannesburg, South Africa, 3-4 July 2018.
Moser, C.A. and Kalton, G., 1999. Survey Methods in Social Investigation. 2nd ed. Aldershot: Gower 
Publishing Company Ltd.
Moshtaq, A., 2018. Artificial Intelligence for Smart Cities. In: Smart Cities Africa Summit. Emperors 
Palace Hotel, Johannesburg, South Africa, 3-4 July 2018.
Myeong, S., Jung, Y. and Lee, E., 2018. A Study on Determinant Factors in Smart City Development: 
An Analytic Hierarchy Process Analysis. Sustainability, 10(2606) pp.1-17. https://doi.org/10.3390/
su10082606
National Planning Commission, 2012. National Development Plan 2030: Our future - make it work. 
Presidency of South Africa. [online] Available at: https://www.gov.za/sites/default/files/Executive%20
Summary-NDP%202030%20-%20Our%20future%20-%20make%20it%20work.pdf
Neirotti, P., De Marco, A., Cagliano, A.C., Mangano, G. and Scorrano, F., 2014. Current trends in smart 
city initiatives: Some stylised facts. Cities, 38, pp.25–36. https://doi.org/10.1016/j.cities.2013.12.010
Ogundare, B.A., and Ogunbodede, E.F., 2014. Traffic Congestion and Parking Difficulties in 
Akure Metropolis, Nigeria. IOSR Journal of Humanities and Social Science, 19(8), pp.1-7. https://doi.
org/10.9790/0837-19820107
Oke, A.E., Aigbavboa, C.O. and Cane, T.K., 2018a. Appraisal of smartization of major cities in South 
Africa. In: M.B. Ahmed and A.A. Boudhir, eds. Innovations in Smart Cities and Applications. Switzerland: 
Springer International Publishing.
Oke, A.E., Aigbavboa, C.O. and Cane, T.K., 2018b. Relationship between smart city drivers and socially 
inclusive societies. In: M.B. Ahmed and A.A. Boudhir, eds. Innovations in Smart Cities and Applications. 
Switzerland: Springer International Publishing.
Oke, A.E., Aigbavboa, C.O. and Ngema, W., 2017. Adoption of smart structures for prevention of health 
hazards in buildings. 4th international conference on advanced materials, mechanics and structural engineering 
(AMMSE 2017). IOP Conference Series: Materials Science and Engineering, 269(2017) 012064, pp.1-5. 
https://doi.org/10.1088/1757-899x/269/1/012064
Pallant, J., 2005. SPSS Survival Manual: A Step by Step Guide to Data Analysis Using SPSS for Windows 
(Version 12). 2nd ed. Crows Nest, Australia: Allen and Unwin. 
Peberdy, S. and Götz, G., 2016. Gauteng city-region observatory quality of life survey 2015, Entrepreneurship 
Report. South Africa: GCRO.
Peprah, C., Amponsah, O. and Oduro, C., 2019. A system view of smart mobility and its implications for 
Ghanaian cities. Sustainable Cities and Society, 44, pp.739-47. https://doi.org/10.1016/j.scs.2018.10.025
Rahman, M.M., 2014. Barriers of implementing modern methods of construction. Journal of 
Management in Engineering, 30(1), pp.69–77. https://doi.org/10.1061/(asce)me.1943-5479.0000173
Appraisal of the drivers of smart city development in South Africa
Construction Economics and Building,  Vol. 20, No. 2, June 2020125
Rana, N.P., Luthra, S., Mangla, S.K., Islam. R., Roderick, S. and Dwivedi, Y.K., 2018. Barriers to the 
Development of Smart Cities in Indian Context. Information Systems Frontiers, 21(2019) pp.503-25. 
https://doi.org/10.1007/s10796-018-9873-4
Ruhlandt, R.W.S., 2018. The governance of smart cities: A systematic literature review. Cities, 81, pp.1-
23. https://doi.org/10.1016/j.cities.2018.02.014
Santos, J.R.A., 1999. Cronbach’s Alpha: A Tool for Assessing the Reliability of Scales. Journal of 
Extention, 37(2), pp.1-5.
Sarantakos, S., 2005. Social Research. 3rd ed. Basingstoke: Palgrave Macmillan. 
Sikora-Fernandez, D., 2018. Smarter Cities in Post-Socialist Country: Example of Poland. Cities, 
Silva, B. N., Khan, M., and Han, K. 2018. Towards Sustainable Smart Cities: A Review of Trends, 
Architectures, Components, and Open Challenges in Smart Cities, Sustainable Cities and Society, 38, 
697–713. https://doi.org/10.1016/j.scs.2018.01.053
Šimundić, A., 2013. Bias in Research. Biochemia Medica, 23(1), pp.12–5. https://doi.org/10.11613/
bm.2013.003
Smith, J. and Noble, H., 2014. Bias in Research. Evidence Based Nursing, 17(2014), pp.100-101. https://
doi.org/10.1136/eb-2014-101946
South African Local Government Association, SALGA, 2015. Municipal innovation: 5 South African 
innovations applicable to municipalities.  Pretoria: in.KNOW.vation.
Tan, W.C.K., 2011. Practical Research Methods. Singapore: Pearson Custom.
United Nations, 2017. Drivers of Migration and sUrbanisation in Africa – Key trends and Issues. United 
Nations Expert Group Meeting on Sustainable Cities, Human Mobility and International Migration, 
New York, 7-8 September 2017.
Villa, N. and Mitchell, S., 2009. Connecting cities: Achieving sustainability through innovation. In: Fifth 
urban research symposium, Palais du Pharo, France, 28–30 June 2009. 
Washburn, D. and Sindhu, U., 2010. Helping CIOs Understand “Smart City” Initiatives. Defining the Smart 
City, Its Drivers, and the Role of the CIO. [online] UK: Forrester Research Inc. Available at:  https://www.
forrester.com/report/Helping+CIOs+Understand+Smart+City+Initiatives/-/E-RES55590#.
World Bank, 2007. Building Knowledge Economies. World Bank. doi: 10.1596/978-0-8213-6957-9.
Yousuf, M.I., 2007. Using experts’ opinions through Delphi technique. Practical Assessment, Research and 
Evaluation, 12(4), pp.1–8.
Oke, Aghimien, Aigbavboa, and Akinradewo
Construction Economics and Building,  Vol. 20, No. 2, June 2020126
